The dependence of the initial rate of introduction of the first single-chain scission (initial nicking rate) into covalently closed circular phage PM2 DNA by the single strand-specific nuclease from Alteromonas espejiana BAL 31 upon the superhelix density (a) of the DNA has been examined. The initial nicking rate decreases with decreasing numbers of negative superhelical turns (decreasing values of -a), which behavior is characteristic of other single strand-specific nucleases as reported earlier. In contrast to earlier work, the initial nicking rates of closed circular DNAs by the action of the Alteromonas nuclease have been shown to be readily measurable at values of -a as low as 0.02. However, even at the elevated concentrations of enzyme and extended digestion periods required to cause nicking at an appreciable rate at near-zero values of a, closed circular DNA containing very few superhelical turns (form 1° DNA) is not cleaved at a detectable rate. When this DNA is rendered positively supercoiled by ethidium bromide (EtdBr), it is not affected by the nuclease until very high positive values of o are attained, at which low rates of cleavage can be detected at elevated enzyme concentrations. The effects of EtdBr on the enzyme activity have been tested and are entirely insufficient to allow the interpretation of zero nicking rates as the result of inhibition of the nuclease activity by the dye. Positively supercoiled DNA is concluded not to contain regions having significant single-stranded character until values of a are reached which are very much higher than the values of -a for which negatively supercoiled DNAs behave as if they contain unpaired or weakly paired bases.
INTRODUCTION
It has been amply demonstrated that molecules of negatively supercoiled closed circular duplex DNA (form I DNA) contain regions having altered secondary structure compared to that of nonsupercoiled molecules of the same DNA under the same conditions. The manner in which such altered regions are manifested in negatively supercoiled DNAs is consistent with the interpretation that these regions possess single-stranded character; i.e., a fraction of the bases in a negatively supercoiled DNA molecule exist in unpaired or weakly hydrogen-bonded configurations for a greater fraction of the time than do the bases in the corresponding nonsupercoiled DNA. Evidence for such behavior includes the greatly enhanced reactivity of superhelical DNA, compared with that observed for the corresponding nonsupercoiled nicked circular (form II) DNA, with a variety of chemical reagents which react with certain bases in DNA. 1 " 6 Hydrogen-tritium exchange studies 7 have also yielded evidence for regions of single-stranded character in phage PM2 form I DNA, and several single strand-specific deoxyriboendonucleases have been shown to cleave supercoiled forms of DNA rapidly under conditions for which the corresponding forms of these DNAs, which are covalently continuous in both strands but contain very few superhelical turns, are cleaved at very low rates or not detectably. 8 " 13 The dependence of the initial rate of introduction of the first single-strand scission (initial nicking rate) into closed circular DNAs by single strand-specific nucleases has been examined as a function of superhelix density at negative superhelix densities. 3 ' 13 These experiments were done using samples of closed circular PM2 DNA which were artificially made so as to differ from one another only in the superhelix density (ao). For the single strand-specific nucleases from Neurospora crassa and from Mung bean, Wang 13 observed that the initial nicking rate was relatively slow at values of -OQ below about 0.08 and was only slightly dependent upon the value of -ao. However, for more highly negatively supercoiled DNAs, the initial nicking rate increased rapidly with increasing values of -do-Woodworth-Gutai and Lebowitz 3 made similar observations with respect to the N. crassa enzyme, although they began to observe a substantial dependence of initial nicking rate upon -ao near a value of 0.06. All superhelix densities reported here are corrected to reflect the redetermined value of the amount of unwinding of duplex DNA per intercalated ethidium moiety, which is now taken as 26° instead of the previously accepted value of 12° (refs. 14-16).
The symbol On is used to represent the superhelix densities of DNAs in the absence of intercalating agents, while this symbol without the subscript represents the superhelix densities of DNAs in the presence of EtdBr.
Alteromonas espejiana BAL 31 (American Type Culture Collection 29659; see ref.
to Chan et al. in title footnote) produces extracellularly a nuclease which is very highly specific for single-stranded DNA and for regions of altered helix structure produced in duplex tolA by irradiation with ultraviolet light or by covalent reaction with certain carcinogenic or mutagenic agents. 12 ' 17 The Alteromonas (A^.) nuclease also cleaves negatively supercoiled DNA, but fails to cleave covalently closed circular DNA containing very few superhelical turns (form 1° DNA)
at a detectable rate under conditions for which 100% of supercoiled (form I) PM2 phage DNA would be cleaved almost instantly. 12 ' 17 In the present study, the action of the As. nuclease upon closed circular PM2 DNA has been examined as a function of a for negatively 
MATERIALS AND METHODS
Preparation of Enzymes. DNA ligase from E. coli was the preparation used in previous work from this laboratory. 
where fi is the relative buoyant separation 25 defined as 
if viral PM2 form I DNA is used as the reference material.
As the above superhelix densities correspond to the 12° ethidium Hence, the correction factor of 0.018 was used.
Analytical Ultracentrifugation. Analytical band sedimentation 33 was done as described 18>34 using as solvents the neutral and alkaline
CsCl solutions having the compositions given elsewhere. Thermal convection in the boundary sedimentation experiments was obviated by the use of a modified rotor temperature indicator and control system 37 as described. 38 Values of v were also measured for the binding of EtdBr to PM2 form 1° DNA at higher dye concentrations, at which the ultraviolet absorbance Aliquots were assayed by band sedimentation in the neutral solvent.
12
As much higher concentrations of As. nuclease are required to effect this conversion at a reasonable rate compared to those used in the case of highly supercoiled DNA, the double-strand exonuclease activity of this nuclease 12 is able to cause appreciable conversion of the form III DNA molecules to non-sedimenting material during the incubations. The amounts of material in the sedimenting bands corresponding to linear duplex PM2 DNA thus do not correspond to the amounts of form II DNA cleaved in the reaction. Accordingly, a constant amount of phage \b2b5C
DNA was added to each aliquot to use as a reference against which the decrease in the percentage of form II DNA with time of digestion could be calculated. 17 It has been shown that lesions induced in PM2 form 1° DNA by ultraviolet irradiation can serve as substrate sites for the A£. nuclease.
17
PM2 form 1° DNA, irradiated with ultraviolet light for 15 seconds as described, 17 was incubated with As,, nuclease in CAM buffer at 20°C in the presence of various concentrations of EtdBr in order to test the effect of the intercalating dye upon this activity. The elevated concentrations of enzyme required to achieve cleavage at readily measureable rates again necessitated the use of the \b2b5c reference DNA.
These reaction mixture aliquots were assayed in the alkaline solvent for band sedimentation.
Photometric Assay of As. Nuclease. A photometric assay based on that described by Vogt 40 using denatured calf thymus DNA as substrate has been used to determine the activity of preparations of the As.
nuclease. 12 The unit of activity described by Vogt 40 for the S! nuclease has been adopted as the unit of activity of the As. nuclease.
Measurements of activity of the A£. nuclease are done in the medium described by Gray et al. 12 at 30°C.
The effect of EtdBr upon the activity of the A£. nuclease with single-stranded DNA as the substrate was tested using the photometric assay as described 12 except that the reactions were carried out in CAM buffer at 20°C. Control reaction mixtures (no nuclease) contained EtdBr at the same concentration as in the nuclease-containing samples. The highest dye concentration used in the studies presented below at which no cleavage of the closed circular DNA took place was 10 pg/ml and corresponded to a value of v near 0.12. Since
RESULTS

Effect of EtdBr
EtdBr present at a concentration higher than 10 pg/ml and at a molar binding ratio higher than 0.12 did not prevent the attack of the nuclease upon a duplex substrate, it is unlikely that the failure of the nuclease to cleave closed circular DNA in the presence of EtdBr, where observed, is due to the inhibition of the As^. nuclease by the intercalating agent.
PM2 form 1° DNA irradiated with ultraviolet light becomes susceptible to cleavage by the As. nuclease, presumably due to the presence of pyrimidine dimer photoproducts. 
